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Abstrat
Prodution of doubly harged Higgs bosons via the s-hannel proess e−e− → H−− → l−l−
at the future linear ollider energies is studied by taking into aount initial state radiation and
beamsstrahlung (ISR+BS), nal state radiation (FSR) and detetor smearing eets. The disovery
bounds of lepton avour onserving and violating ouplings are obtained for doubly harged Higgs
bosons. It is found that the future linear olliders with the enter of mass energies
√
s = 500 GeV
and
√
s = 3000 GeV will be able to probe the doubly harged Higgs bosons with diagonal ouplings
down to 10−4 and 10−3, respetively.
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I. INTRODUCTION
There is a onsensus in the partile physis ommunity that the next large sale projet
should be a linear ollider. The International Linear Collider (ILC) [1℄ is an e+e− linear
ollider with a enter of mass energy of
√
s = 500 GeV and the luminosity L ≈ 1034m−2s−1.
Beyond this baseline mahine, upgrades and options are envisaged whose weight, priority
and realization will depend upon the results obtained at the Large Hadron Collider (LHC)
and the baseline ILC.
The physis results obtained in the rst few years of running with ILC, together with the
results from the LHC will then dene the shedule for upgrades or other modes of operations
(options). The expeted shutdowns to install the upgrades or options will not take more
than two years after an initial physis running time of at least four years, inluding the
ommissioning of the upgrades or options [1℄. The ILC an operate for part of its running
time in the eletron mode where ertain signals an be remarkably free from bakgrounds.
The e−e− running mode an also oer the high polarizations (at least 80%) for both initial
states. This mode is a partiularly interesting feature of a high energy linear ollider.
The main feature of this option is that the e−e− initial state is doubly harged and aries
double lepton number. In this mode, the standard model (SM) ativity an be highly
suppressed, and lean signals from any non-standard physis an be searhed. One of the
many promising proesses whih an be studied in this mode is the resonant prodution of
doubly harged salars. Here we should note that s-hannel resonane prodution of doubly
harged Higgs bosons at e−e− olliders dominates over their t-hannel indiret produtions
at e+e− olliders. Therefore, an e−e− ollider ould be used as a fatory for doubly harged
Higgs bosons, where their masses, total deay widths and ouplings ould be measured
preisely. An additional feature often assoiated with doubly harged Higgs boson is the
possibility of lepton number violation.
In many ases detailed measurements at a higher energy e+e− ollider would be needed
to omplement previous exploratory observations. We think that further progress in partile
physis will neessitate lean experiments at multi-TeV energies whih is possible at e+e−
Compat Linear Collider (CLIC) [2℄. It is antiipated that the enter of mass energy of the
CLIC as high as 5 TeV might eventually prove feasible. Thus, the pair prodution of new
partiles ould be deteted in the e+e− mode of operation up to the mass of
√
s/2.
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The Standard Model (SM) gives a good desription of the known fundamental partiles,
using SU(3)C × SU(2)L × U(1)Y gauge group to desribe their olor and eletroweak in-
terations. The SU(2)L × U(1)Y eletroweak gauge symmetry is broken to U(1)em by the
Higgs mehanism, but a Higgs boson has yet to be observed [3℄. This is one of the good
reasons that other symmetry breaking mehanisms and extended Higgs setors have not
been exluded from the theoretial point of view. Some theories beyond the SM predit
the existene of doubly harged Higgs bosons, inluding in left-right symmetri models [4℄,
Higgs triplet models [5℄, and little Higgs models [6℄. In the ompositeness models they an
be onsidered as the doubly harged salar bileptons [7, 8℄. The left-right symmetri (LR)
eletroweak theory based on the gauge symmetry group SU(2)L × SU(2)R × U(1)B−L was
proposed to oer a dynamial solution to the parity violation of weak interations. The
presene of triplet representations of Higgs elds, i.e. HR triplet of SU(2)R and HL triplet
of SU(2)L, provides a simple explanation to the lightness of neutrinos via the see-saw meh-
anism [9℄, onsistent with reent data on neutrino osillations [10℄. In addition, indiation
for neutrino osillations neessarily violate lepton avor symmetry [11℄. It has been empha-
sized that the see-saw mehanism ould lead to doubly harged Higgs bosons with masses
aessible to urrent and future olliders.
Diret searhes for doubly harged Higgs bosons have been performed by the OPAL
[12℄, L3 [13℄ and DELPHI [14℄ Collaborations at LEP, and they have exluded H±± bosons
below masses of about 100 GeV, assuming exlusive H±± deay to a given dilepton hannel.
Reent searhes by the CDF and D0 Collaborations at the Fermilab Tevatron in the µµ
hannel have exluded H±±L (H
±±
R ) below a mass of 136 (113) GeV [15℄ and 118 GeV [16℄ at
the 95% ondene level (C.L.), respetively. There are unknown parameters on whih the
obtained onstraints depend: the mass of the doubly harged Higgs boson mH±± and the
oupling onstants hij, where i, j = e, µ, τ . The H
±±
ouplings hij to eletrons and muons
are experimentally onstrained by the absene of H±± prodution in e+e− ollisions and
nonobservation of the deay µ→ 3e (heeheµ < 3.2× 10−11m2H±± GeV−2) and deay µ→ eγ
(hµµheµ < 2 × 10−10m2H±± GeV−2) [17℄. From the Bhabba sattering the relevant bound is
given as h2ee < 6.0 × 10−6m2H±± GeV−2 [18℄ and from (g − 2)µ measurements it is h2µµ <
2.5× 10−5m2
H±±
GeV
−2
[19℄. More stringent bounds exist from the muonium-antimuonium
transition [20℄ in the form of the produt of the ouplings, heehµµ < 2.0×10−7m2H±± GeV−2.
Similar bounds are given for both lepton avor onserving ouplings h2ee < 3.5× 10−5m2H−−
3
GeV
−2
[21℄ and violating ouplings h2e(µ,τ) < 1 × 10−6m2H−− GeV−2 [22℄ of doubly harged
salar bileptons (as doubly harged Higgs boson H−−) from Bhabba sattering with LEP
data. The experimental onstraints on the ouplings weaken with inreasing H±± mass.
It is reasonable to assume that below the sale of 500 GeV the left-right symmetry is
broken [23℄ due to the strength of the left/right handed interations and the form of CKM
matrix of the right-handed interations. It is entirely reasonable to suppose that a H−− in
the mH−− < 500 GeV mass range relevant for a
√
s = 500 GeV e−e− ollider would already
have been observed at the LHC, regardless of the magnitude of the oupling hll.
In e−e− ollisions the prodution of doubly harged Higgs bosons via lepton number
onserving and violating proesses have been studied in [8, 24℄. A work for the usefulness
of looking at assoiated monoenergeti photon as signals for a doubly harged salars at a
linear e−e− ollider with
√
s = 1 TeV has been presented in [25℄. Reently, doubly harged
salar bileptons (as doubly harged Higgs bosons) have been studied via e−e− → e−e−, µ−µ−
proesses with a resonane san of the ollider energies up to 2 TeV [26℄.
In this paper, we study in detail the prodution of doubly harged Higgs bosons H−−L,R
through s-hannel in e−e− ollision inluding initial state radiation (ISR)+beamstrahlung
(BS) and nal state radiation (FSR). We also inlude the smearing eets of a detetor on the
four-momentum of nal state leptons. We analyze the signature for identifying an isolated
same sign, planar and pT balaned two-lepton events. We also alulate the disovery bounds
of ouplings and masses for doubly harged Higgs bosons with lepton avour onserving and
violating ouplings.
II. DOUBLY CHARGED LEPTONIC INTERACTIONS
The doubly harged Higgs bosons have the following Yukawa ouplings to the leptons:
LY = hR,ijl
T
iRCσ2HRlj,R + hL,ijl
T
iLCσ2HLlj,L + h.c. (1)
where lTi,L(R) = (νi, li)L(R) are two-omponent left or right handed lepton elds with avour
index i; C is the harge onjugation matrix; σ2 is the Pauli matrix. HL and HR are the
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SU(2)L and SU(2)R triplets, respetively. The Higgs triplets
HL,R =

 H−L,R/√2 H−−L,R
H0L,R −H−L,R/
√
2


(2)
aquire non-vanishing vauum expetation values (vev) given by
< HL,R >=
1√
2

 0 0
vL,R 0


(3)
where the left-handed triplet vev vL is kept to be small due to its ontribution to the ρ-
parameter, ρ ≃ (1 + 2v2L/κ2)/(1 + 4v2L/κ2) where κ is related to the vev of bidoublet salar
eld. The vev vR gives masses to WR as well as doubly harged salars H
−−
L,R. The strength
of the interation is saled by the symmetri unknown onstants hij whih, in general, are
not avour diagonal allowing for lepton number violating interations. Therefore there are
six possible ouplings:
h =


hee heµ heτ
hµe hµµ hµτ
hτe hτµ hττ

 (4)
Using the Lagrangian (1) with the assumption on the struture of the leptoni ouplings,
the leptoni deay widths for the doubly harged Higgs bosons are given by
ΓH−− =
mH−−
8pi
∑
i,j
h2ij (5)
We alulate the leptoni deay widths for H−− as ΓH−− = 0.597 GeV taking the mass
mH−− = 500 GeV and assuming universal avour diagonal ouplings hij = 0.1δij. Sine
we onsider only leptoni deay hannels of doubly harged Higgs bosons, alulated deay
widths beome narrower for smaller ouplings and masses. Other deay hannels inluding
gauge bosons an be negleted assuming the vev of the neutral member of the triplet is
small and taking into aount the limits on the model's ouplings and the mass spetrum
of the Higgs bosons. The two doubly harged Higgs bosons H−−L,R an have dierent hiral
ouplings to leptons. Their masses are expeted to be omparable with eah other beause
they derive both from similar terms of salar potential. Sine their prodution proesses are
the same we onentrate on the prodution of H−−(H−−L or H
−−
R ).
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Figure 1: Feynman diagrams for the proess e−e− → e−e− inluding doubly harged Higgs boson
H−− exhange.
III. PRODUCTION CROSS SECTIONS
For the proess e−e− → e−e− inluding doubly harged Higgs bosons H−−L,R, as depited
in Fig. 1, the orresponding dierential ross setion an be obtained as
dσ
dt
=
1
8pi

FLL
∣∣∣∣∣ g
2
es
t(s+ t)
+
g2eCLL(s+ 2m
2
Z)
(t−m2Z)(s+ t +m2Z)
+
h2L,ee
(s−m2
H−−
L
+ imH−−
L
ΓH−−
L
)
∣∣∣∣∣
2
+FRR
∣∣∣∣∣ g
2
es
t(s+ t)
+
g2eCRR(s+ 2m
2
Z)
(t−m2Z)(s+ t+m2Z)
+
h2R,ee
(s−m2
H−−
R
+ imH−−
R
ΓH−−
R
)
∣∣∣∣∣
2
+g4eFRL
[
t
s+ t
− CRLt
(s+ t+m2Z)
]2
+ g4eFLR
[
s+ t
t
+
CLR(s+ t)
(t−m2Z)
]2}
(6)
where ΓH−−
L,R
is the total deay width of H−−L,R boson. The polarization fators FRR,LL =
(1±P1)(1 ± P2)/4 and FRL,LR = (1−P1P2)/2 with the polarizations P1 and P2 of the in-
oming eletron beams. The mixing angle dependent onstants CLL = s
2
w/c
2
w, CRR =
(1 − 2s2w)2/(2swcw)2 and CLR = CRL = (1 − s2w)/2c2w. The abbreviations cw and sw are
used for osθW and sinθW , respetively. In Eq. (6), ge is the eletromagneti oupling
onstant; s and t are the Mandelstam variables, and mZ is the Z boson mass.
Here we assume that eletron beam is ∼ 100% left or right polarized. This is a simpli-
ation whih is motivated by the very high polarization rate 80 − 90% ahievable at the
e−e− options of the ILC and CLIC environment. The impat of an exat amount of 80%
left polarization results in the mixture of partial LL, LR/RL and RR ontributions (being
LL 80% dominant) to the ross setion given in (6).
For the proesses e−e− → µ−µ− and e−e− → τ−τ− only avour diagonal ouplings
ontribute to the ross setion. The resonane ross setion for the signal proesses e−e− →
6
H−− → l−l− (where l−=µ− or τ−) an be obtained as
σ =
8piΓeeΓll
m2
H−−
s
[(s−m2
H−−
)2 +m2
H−−
Γ2
H−−
]
(7)
if the deay width of doubly harged Higgs boson is signiantly larger than the beam energy
spread (typially 10−2
√
s). It is a good approximation to assume monohromati eletron
beams. However, in the narrow width approximation (ΓH−−/mH−− < 0.01), the ross setion
formula (7) beomes
σ =
8pi2
mH−−
BeeBllΓH−−δ(s−m2H−−) (8)
depending on the total deay width and branhings Bll of the doubly harged Higgs boson.
Here, we onsider only leptoni deay hannels of the H−− and assume that the energy
spetrum of the luminosity is broader than the narrow resonant width. It should be noted
that the atual total ross setion an be obtained by onvoluting σ(sˆ) with the initial and
nal state radiation funtions, and the smearing funtion.
We have implemented the doubly harged Higgs boson interation verties into the Monte
Carlo simulation program CompHEP [27℄ for deay width and ross setion alulations.
Sine the enter of mass energy is not well dened due to initial state radiation, beam-
strahlung and the energy spread of the partiles in the beam, these eets modify the
energy dependene of the resonane ross setion signiantly. If the luminosity spetrum is
well measured the physial parameters an still be extrated from the resonane san. The
san an be done measuring the ross setion at dierent enter of mass energies around the
resonane point.
In the ase of the proess e−e− → H−− → µ−µ− the ross setion with and without
ISR+BS are alulated around the resonane point as shown in Fig. 2 and 3. The resonane
peak shifts to the right (a higher energy) and redue by a fator of about 5 due to ISR+BS
eets. At the ILC based e−e− ollider with the enter of mass energy
√
s = 500 GeV we
obtain the resonane ross setions: σ = 2.17×103 pb, σISR = 1.03×103 pb and σISR+BS =
4.45 × 102 pb; without radiation, with ISR and with ISR+BS eets, respetively. For
CLIC based e−e− ollider with the enter of mass energy
√
s = 3000 GeV this eet beome
apparent from Fig. 3, as we nd the signal ross setion σ = 60.41 pb without radiation
eets. In this ase ISR+BS aets the ross setions signiantly as σISR+BS = 1.84 pb.
When alulating these eets we take into aount the beam parameters of the ILC and
CLIC based e−e− olliders as shown in Table I.
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Figure 2: The prodution ross setion for the proess e−e− → H−− → µ−µ− depending on the
entre of mass energy of the e−e− ollider. Solid line shows the ross setion without the ISR+BS,
dashed line represent ISR+BS eet for the avour diagonal ouplings hee,µµ = 0.1
Table I: The beam parameters of ILC and CLIC based e−e− olliders used in the alulations of
ISR and beamstrahlung. N is the number of partiles in the eletron bunh; σx,y,z are the average
sizes of the eletron bunhes; Υ is the beamstrahlung parameter and Nγ is the average number of
photons per eletron.
Collider ILC (e−e−) CLIC (e−e−)
Parameters 500 GeV 3000 GeV
N(1010) 2 0.4
σx+y (nm) 661 44
σz (mm) 0.3 0.03
Υ 0.04 8.07
Nγ 1.22 1.74
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Figure 3: The ross setion σ(e−e− → H−− → µ−µ−) depending on the enter of mass energy
around 3000 GeV. Solid line for the ross setion without the ISR+BS, dashed line represent ISR+BS
eet for hee,µµ = 0.1.
In Fig. 4 and 5, we present the dierential ross setions (dσ/dpT ) for the signal (hee =
0.1) and bakground through the proess e−e− → e−e− at the enter of mass energy √s =
500 GeV and
√
s = 3000 GeV. Here we take the mass of H−− boson equal to the enter of
mass energy of the ollider. We see from these gures that the signal an be dierentiated
from the bakground by applying the appropriate pT uts on the eletrons.
Sine we mainly fous on the resonane prodution of doubly harged Higgs boson via the
proess e−e− → e−e− we may neglet the SM/H−− interferene terms around the resonane.
Beause, we obtained the best limits for the ouplings in this ase. We see that after the
pT uts these terms ontribute insigniantly. Furthermore, in simulation with standard
PYTHIA we an't produe signal and bakground events together and their interferene at
the same time. Therefore, we will take into aount signal and bakground separately and
make the statistial analysis aordingly.
In Table II and III we show the signal and bakground ross setions, for a more quan-
titative outlook, depending on the applied pT uts for
√
s = 500 GeV and
√
s = 3000 GeV,
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Figure 4: Transverse momentum distribution of nal state eletrons for the signal (hee = 0.1) and
bakground proesses at
√
s = 500 GeV.
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Figure 5: Transverse momentum distribution of nal state eletrons for the signal (hee = 0.1) and
bakground proesses at
√
s = 3000 GeV.
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Table II: Cross setions for the signal and bakground with and without ISR+BS eets depending
on the applied pT uts on nal state leptons at ILC energies.
pT (GeV) σS(pb) σS,ISR+BS(pb) σB(pb) σB,ISR+BS(pb)
10 2.17 × 103 4.45 × 102 3.00× 103 2.99 × 103
50 2.13 × 103 4.36 × 102 1.27× 102 1.264 × 102
100 1.99 × 103 4.07 × 102 3.41× 101 3.35 × 101
150 1.74 × 103 3.56 × 102 1.52× 101 1.44 × 101
200 1.31 × 103 2.67 × 102 7.29× 100 6.28 × 100
Table III: The signal and bakground ross setions depending on the applied pT uts on nal state
lepton with and without ISR+BS eets at CLIC energies.
pT (GeV) σS(pb) σS,ISR+BS(pb) σB(pb) σB,ISR+BS(pb)
100 6.05 × 101 1.81 × 100 3.23× 101 3.02× 101
200 5.95 × 101 1.79 × 100 8.46× 100 6.11× 100
500 5.70 × 101 1.71 × 100 1.44× 100 4.74 × 10−1
1000 4.50 × 101 1.35 × 100 3.46 × 10−1 4.94 × 10−2
respetively. The bakground ross setion dereases signiantly with the higher pT uts.
Some optimized values an be found by searhing for signal to bakground ratio. We have
used a relation for the determination of optimal pT uts pT > mH−−/2−∆pT where ∆pT an
be optimized for every mass values to give better signal to bakground ratio and resolution
as well. With a ut pT > 200 GeV on the nal state eletron we obtain the bakground
ross setion σB = 6.28 pb and signal ross setion σS = 267.0 pb for mH−− =
√
s = 500
GeV and hee = 0.1. In the e
−e− ollision with
√
s = 3000, if we apply a pT > 1000 GeV we
obtain a smaller ross setion for bakground σB = 4.94× 10−2 pb and signal σS = 1.35 pb
for mH−− =
√
s and hee = 0.1.
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IV. SIMULATION
To make our analysis realisti we have smeared the energy of nal state partiles by a
Gaussian funtion whose half-width is guided by the resolution of the eletromagneti (EM)
alorimeter [28℄
δE
E
=
10%√
E
+ 0.01 (9)
Energy resolution denes the detetor's ability to produe narrow peaks in the spetrum. It
is aeted by detetor geometry and eletroni noise. Resolution is typially measured as
the width at the full width at half maximum for the given energy. In all ases the smaller
the number speied for energy resolution is best and gives the user a better probability of
separating peaks for easier identiation. The invariant mass resolution of the nal state
harged leptons an be given by δmll/mll ≃ δE/
√
2E. Here, we alulate the invariant mass
resolution δmll = 4 GeV for mll = 500 GeV. When reonstruting the invariant mass of two
leptons in the nal state we have inorporated the eets of initial (ISR) and nal state ra-
diation (FSR) using the PYTHIA program [29℄. We use the program SMEAR [30℄ to smear
four-momenta of nal state harged leptons, taking into aount detetor eets and aep-
tanes. We have inluded the detetor eets in our alulations for ILC and CLIC energies.
For eletrons in the nal state, the magnitude of the output momentum is determined from
the smeared alorimeter energy assuming the mass of the partile is that of an eletron.
A traking devie is used for the measurement of four-momenta of the muons in the nal
state. The traking devie is modelled in the following way: (i) the transverse momentum
pT and azimuth angle φ are smeared together, taking into aount their orrelation [31℄;
(ii) the z-omponent of the momentum is smeared by projeting the transverse momentum
aording to a Gaussian in 1/pz. A detailed disussion of the properties of the detetor
model implemented in the present version of SMEAR an be found in [30℄. Charged leptons
(eletrons and muons) are reonstruted within the aeptane range in pseudo-rapidity
|η| < 2. Momentum resolution of the traker is given depending on the sattering angle,
and assumed as 0.02% for θ > 40 degrees. The eienies for harged partiles are assumed
to be 98%.
We show the invariant mass distribution of the e−e− pair for the above hoie of parame-
ters in Fig. 6. Here the distribution peaks orrespond to the mass values of doubly harged
Higgs bosons. Invariant mass of two eletrons is smeared aording to the detetor eets
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Figure 6: Invariant mass distribution of two eletrons at
√
s = 500 GeV for hee = 0.1: (a) signal as
a narrow peak, (b) signal with detetor eets and a Gaussian t.
to be observable experimentally.
The invariant mass distribution of two eletrons in the nal state at the ILC and CLIC
energies are shown in Fig. 7 and 8. Sine we inlude the ISR+BS and smearing eets
to the prodution ross setions there appears a oupling dependene moderately at very
resonane point. In Fig. 7, we present the signal with mH−− =350, 400, 450, 500 GeV
and the bakground (e−e− → e−e−) with pTe > 100 GeV and pTe > 200 GeV. In Fig. 8,
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we present the signal with mH−− =500, 1000, 2000, 3000 GeV and the bakground with
pTe > 200 GeV and pTe > 500 GeV. We see from these gures that the signal peaks over
the bakground at resonane even for smaller ouplings. Applying appropriate pT uts on
the eletron from the bakground proess (e−e− → e−e−) we an also detet the signal for
smaller mass values of the doubly harged Higgs boson.
Sine we simulate signal and bakground events we dene the signal signiane as SS =
NS/
√
NB where NS and NB are the signal and bakground events in the hosen mass bin,
respetively. Taking the orresponding integrated luminosities for ILC and CLIC e−e−
options Lint = 10
4
pb
−1
and taking into aount the detetion eienies for the leptons
we alulate the number of events for the signal and bakground leading to the signianes
given in Table IV. Here, we nd δmll >> ΓH−− , and therefore the signal signiane is
aeted by the ISR+BS, FSR and smearing. If we onsider lepton avour onservation
we an alulate the signal signiane depending on the mass and oupling hee of the
doubly harged Higgs boson by applying appropriate pT uts. We may dene the bins
of width ∆m around the signal peak in the invariant mass distributions for eah value of
mH−− . We then look at the utuations in the SM bakground in that bin and ompare
the orresponding rate for the signal. This proedure an be repeated for dierent ouplings
to nd limiting values. The reahes of the oupling onstant for the mass values of doubly
harged Higgs boson smaller than the enter of mass energies are given in Table IV. The
resonane point worth a detailed study sine smearing, initial and nal state radiation aet
the oupling dependene of the ross setion. We estimate the reah of the oupling at whih
the resonanes in the invariant mass distribution an be identied over the utuations in the
SM bakground at 3σ level. We see from Fig. 9 that we an probe the doubly harged Higgs
boson (when produed at resonane) oupling down to hee = 3× 10−4 and hee = 10−3 with
95% C.L. at the enter of mass energy Ecm = 500 GeV and Ecm = 3000 GeV, respetively.
For the proess e−e− → µ−µ− the dierential ross setions an be obtained as shown
in Fig. 10. As an be seen from this gure two-muon invariant mass distribution shows a
sharper peak than that of two-eletron. In Fig. 11 invariant mass distributions have been
shown for dierent ouplings at the resonane
√
s = 500 GeV. In ase of the lepton number
violating proess e−e− → µ−µ− there is no signiant SM bakground. We obtain the 95%
C.L. ontour by taking Poisson variable as the observed events with the mean of 9. In Fig.
12 the disovery ontour of hll and mH−− are plotted for the lepton number violating proess
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Figure 7: The invariant mass distribution of two eletrons in the nal state at the ILC energy
√
s = 500 GeV; (a-d) the upper four plots present the signal with mH−− =350, 400, 450, 500 GeV.
In (d) we show the signal distribution for the oupling hee = 0.1. (e) the lower plot is for the
bakground (ee→ ee) with pTe > 100 GeV and pTe > 200 GeV.
inluding ISR+FSR and smearing eets. As an be seen from Fig. 12 the aessible region
of the ontour plot an be enrihed for higher integrated luminosities at future linear ollider
options.
If we use an eletromagneti alorimeter with a larger energy resolution, we obtain a
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Figure 8: The invariant mass distribution of two eletrons in the nal state at the CLIC energy
√
s = 3000 GeV; (a-d) the upper four plots present the signal with mH−− =500, 1000, 2000, 3000
GeV. In (d) we show the signal distribution for the oupling hee = 0.1. (e) the lower plot is for the
bakground (ee→ ee) with pTe > 200 GeV and pTe > 500 GeV.
smaller ross setion for the signal and a larger one for the bakground (e−e−) to satisfy
95% CL. Therefore, our results for S/
√
B will be hanged aordingly and disovery region
for doubly harged Higgs boson will beome more restrited.
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Table IV: Signal signianes [SS(hee) = S(hee)/
√
B℄ for the proess e−e− → e−e− at the enter of
mass energy
√
s = 500 GeV and
√
s = 3000 GeV taking the integrated luminosity of Lint = 10
4
pb
−1
.
√
s = 500 GeV, pTe >100 GeV
√
s = 3000 GeV, pTe >200 GeV
mH−−(GeV) ∆m(GeV) SS(0.05) mH−−(GeV) ∆m(GeV) SS(0.1)
350 10 4.5 500 18 6.3
400 11 4.8 1000 26 5.4
450 12 6.2 2000 44 3.9
10-2
10-1
100
101
102
103
104
105
10-4 10-3 10-2 10-1
S/
√B
hee
ee→ee
Ecm=500 GeV
Ecm=3000 GeV
Figure 9: Signal signianes depending on the oupling hee for doubly harged Higgs boson (when
produed at resonane) at the ollider energies Ecm = 500 GeV and 3000 GeV.
V. CONCLUSIONS
We have investigated the potential of the e−e− running mode of the linear olliders for
disovering and studying doubly harged Higgs bosons. In e−e− ollisions the beams will
deet eah other leading to a redution in luminosity omparing to the e+e− ollisions in
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Figure 10: Invariant mass distribution of the two-muon in the nal state for dierent mass values
of doubly harged Higgs boson at the enter of mass energy
√
s = 500 GeV.
whih two beams fous eah other. For the part of the luminosity spetrum lose to the
nominal enter-of-mass energy, the redution in e−e− mode is thus a fator of about 2.5
ompared with e+e− [2℄. The partiularly lean environment of the e−e− ollisions justies
here the neglet of systemati errors. For luminosity higher than what we have used in our
alulation the reah for ouplings an be further enhaned.
Using highly polarized eletrons in the initial state make the resonanes for doubly
harged Higgs bosons observable down to quite smaller ouplings. It has the benet that at
the same time one may also swith o most of the SM bakground proesses (inluding W−
bosons) whih ould mask the disovery of new partiles. The linear ollider sensitivity to
doubly harged Higgs boson properties is best when running at the resonane
√
s = mH−−.
At the ILC and CLIC energies the ouplings to harged leptons an be tested down to
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Figure 11: Invariant mass distribution of two-muon around the resonane. The urves are obtained
for dierent ouplings hll by taking into aount ISR+FSR and smearing eets at
√
s = 500 GeV.
3 × 10−4 and 10−3 at the resonane, respetively. Our analysis depends on xed enter of
mass energy of the mahine. Around the resonane there is still radiative return to the
doubly harged Higgs boson resonane due to the initial state radiation, whih makes it
possible to disover these partiles for small ouplings (down to 5× 10−2 for mH−− = 1500
GeV at
√
s = 3000 GeV) without having a ollider energy san. The numerial analysis we
performed is also relevant for any model whih ontains a Higgs triplet (e.g. Higgs triplet
model, L-R symmetri models and little Higgs models).
It is apparent that if a doubly harged Higgs boson is found at the LHC, an e−e− ollider
would separately and in ombination provide enormously important information onern-
ing the struture and interations of the Higgs setor. This also illustrates an important
omplementarity between the ILC or CLIC and the LHC. The disovery of a H−− prior
to the onstrution and operation of the e+e−/e−e− ollider would be very important in
determining the range over whih good luminosity and good energy resolution for e−e− ol-
lisions should be a priority. Our alulations show that the signal signiane SS
√
L an
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Figure 12: Contour plot of the doubly harged Higgs boson oupling hll and mass mH−− for the
lepton avor violating proess e−e− → µ−µ− at ILC and CLIC energies.
be resaled for a lower luminosity in ase of a limited time of e-e- running mode of ILC and
CLIC.
On disovering a H−− it would be important to measure the absolute value of hij , there-
fore a detailed experimental simulation of the deay modes is enouraged at both hadron
and lepton olliders.
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